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Background: Early in the coronavirus disease 2019 (COVID-19) pandemic, before severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) vaccines became available, it was hypothesized that BCG (Bacillus
Calmette-Guérin), which stimulates innate immunity, could provide protection against SARS-CoV-2.

Keywords: Numerous ecological studies, plagued by methodological deficiencies, revealed a country-level associa-
BCG tion between BCG use and lower COVID-19 incidence and mortality. We aimed to determine whether
SARS-CoV-2 BCG administered in early life decreased the risk of SARS-CoV-2 infection in adulthood and the severity
covID-19 of COVID-19.

Vaccine effectiveness . . . . L.
Methods: This case-control study was conducted in Quebec, Canada. Cases were patients with a positive

SARS-CoV-2 nucleic acid amplification test performed at two hospitals between March-October 2020.
Controls were identified among patients with non-COVID-19 samples processed by the same microbiol-
ogy laboratories during the same period. Enrolment was limited to individuals born in Quebec between
1956 and 1976, whose vaccine status was accessible in a computerized registry of 4.2 million BCG vac-
cinations.
Results: We recruited 920 cases and 2123 controls. Fifty-four percent of cases (n = 424) and 53% of con-
trols (n = 1127) had received BCG during childhood (OR: 1.03; 95% CI: 0.89-1.21), while 12% of cases
(n =114) and 11% of controls (n = 235) had received two or more BCG doses (OR: 1.14; 95% CI: 0.88-
1.46). After adjusting for age, sex, material deprivation, recruiting hospital and occupation there was
no evidence of protection conferred by BCG against SARS-CoV-2 (AOR: 1.01; 95% CI: 0.84-1.21).
Among cases, 77 (8.4%) needed hospitalization and 18 (2.0%) died. The vaccinated were as likely as the
unvaccinated to require hospitalization (AOR: 1.01, 95% CI: 0.62-1.67) or to die (AOR: 0.85, 95% CI:
0.32-2.39).
Conclusions: BCG does not provide long-term protection against symptomatic COVID-19 or severe forms
of the disease.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction tuberculosis is ~50%, a protection which persists for up to 40 years

[1,2]. Furthermore, BCG stimulates innate immunity, which

One hundred years ago, Albert Calmette and Camille Guérin ini-
tiated the first clinical trial of their vaccine against tuberculosis,
Bacillus Calmette-Guérin (BCG). Its efficacy against pulmonary
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becomes ‘trained’, leading to non-specific effects against a broad
range of viruses in humans (influenza, herpes simplex, respiratory
syncytial virus, human papillomavirus, and the yellow fever
vaccinal strain) and animals [3]. BCG enhances the response
against subsequent triggering agents through an epigenetic long-
term reprogramming of innate immune cells, some of which
(macrophages, monocytes, and NK cells) display intrinsic memory
[4-7].

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Non-specific, ‘off-target’, effects of BCG were first described by
Naeslund in 1932 and termed ‘para-specific immunity’ by Calmette
who, with great foresight, attributed this to an ‘excitation of
phagocytic cells’ [8,9]. Their maximal duration remains unknown.
In Spain, neonatal BCG was associated, at the population level, with
a lower risk of hospitalization for pneumonia or other severe infec-
tions until at least an age of 14 years [10]. In Kenya, BCG vaccina-
tion in infancy led to a lower risk of pneumonia in adulthood [11].
In Denmark, among individuals followed for a median of 32 years,
those who had received BCG at school entry experienced a reduc-
tion in mortality from natural causes, after adjusting for socioeco-
nomic status [12].

Thus, BCG may theoretically provide some protection against
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection for years after immunisation. Numerous ecological stud-
ies published or in preprint, have reported associations between a
universal BCG policy and a low incidence of or mortality due to
coronavirus disease 2019 (COVID-19) at the country level [13-
17]. Ongoing placebo-controlled trials of BCG in healthcare work-
ers will address a putative short-term protection [18].

To determine whether BCG administered during infancy/child-
hood decreases the risk of SARS-CoV-2 infection in adulthood
and/or the severity of COVID-19, the current case-control study
exploited a unique opportunity provided by the combination of
three factors in the province of Quebec: a population-wide yet
non-mandatory BCG program wherein about 50% of children born
between 1949 and 1976 were vaccinated; a computerized registry
of BCG vaccination going as far back as 1956; and a high incidence
of SARS-CoV-2 infection during the first wave of the pandemic
[19,20]. We hypothesized that the BCG may exert a protective
effect, which would likely be stronger among individuals vacci-
nated more recently.

2. Material and methods

Cases and controls were identified through the microbiology
laboratories of the Hopital Maisonneuve-Rosemont (HMR) in Mon-
treal and the Centre Hospitalier Universitaire in Sherbrooke
(CHUS), Canada. Only individuals born in the province of Quebec
between 1 January 1956 and 31 December 1976 (aged 43-64 years)
were enrolled as they could be linked to the BCG registry. The esti-
mated catchment populations of HMR and CHUS are 540,000 and
492,000 inhabitants, respectively, and the former covers the east-
ern part of the island of Montreal while the latter covers adjacent
regions (Estrie and parts of Montérégie) east of Montreal.

Cases were patients with a positive SARS-CoV-2 nucleic acid
amplification test (NAAT) at one of the two participating hospitals
between 17 March 2020 and 22 October 2020. We initially aimed
to select three controls per case, with frequency matching on sex
and year of birth, but eventually reduced this to two controls per
case for the HMR site, given the high number of cases and a relative
paucity of suitable controls. Potential controls were identified
through the databases of patients who had a sample other than a
SARS-CoV-2 NAAT processed by the same microbiology laboratory
during the same period and belonged to the same birth cohorts.
Thus, controls were recruited from the same population as cases,
as they had access to the same laboratories for an investigation
when they got sick.

To avoid misclassification of case-control status in the context
of a relatively high rate of false negativity of the SARS-CoV-2 NAAT
due to pre-analytical issues [21], we excluded as potential controls
patients who had a negative or indeterminate SARS-CoV-2 NAAT
and those who underwent cultures of blood or respiratory speci-
mens. To obtain controls who were relatively representative of
the catchment population at large rather than its sickest fraction,
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we excluded as controls patients who: had been hospitalized or
had attended the emergency room during the study period; under-
went tests for detection of methicillin-resistant Staphylococcus aur-
eus, vancomycin-resistant enterococci, or multi-resistant Gram-
negative bacilli (generally associated with hospitalization); or were
likely to have some degree of immunosuppression (attending out-
patient clinics for haematology, oncology, radio-oncology, rheuma-
tology, immunology, HIV, renal transplants, or dialysis). Patients
whose samples had been sent from a mental health facility or
who lived in long-term care settings were excluded as they were
deemed unable to give informed consent. To decrease the work-
load of interviewers, we excluded potential cases and controls
whose patronyms indicated that they were very unlikely to have
been born in Quebec during 1956-1976, based on the history of
immigration into the province [22]. We then randomly selected
the controls to obtain the desired numbers in each of the 22 strata
based on sex and year of birth (e.g. 1956-57, 1958-59, etc.).

Potential participants were contacted by phone. After explain-
ing the study’s goals and procedures, verbal consent was sought
to administer the questionnaire and link up the person’s data with
the BCG registry at INRS after verifying whether they were indeed
born in Quebec. Demographic information was collected, including
the six-digit postal code which was used to obtain a census-based
material deprivation index [23]. We asked questions about occupa-
tion (healthcare or other frontline workers with exposure to the
public during the lockdown), and whether participants remem-
bered having received the BCG vaccine or having a vaccine scar.
For the controls, we asked two additional questions to assess
whether they might in fact have been an undiagnosed case:
whether they had close contact with a COVID-19 case and/or expe-
rienced a recent episode of anosmia or dysgeusia [24]. For cases,
we determined whether they had required hospitalization for
COVID-19 or had died, as per hospital records. For the deceased
participants, the institutional review boards waived the require-
ment of informed consent from the next of kin, and we collected
data from hospital records.

The Quebec BCG vaccination program targeting newborns and
children began in 1949, and was gradually phased out in the
mid-1970s. BCG was prepared at the Institute of Microbiology
and Hygiene of the University of Montreal using daughter strains
450-51 (until 1956) and 568-571 (from 1957 onward), and deliv-
ered in capillary tubes at a concentration of 60 mg/cc. It was
administered by scarifications: two on each deltoid for newborns,
three on each deltoid for children. To decide whether previously
immunised school-age children needed to be revaccinated, scarifi-
cations with killed BCG ('CutiBCG’) were performed on the lower
back. A further BCG dose was administered to non-reactive sub-
jects [25].

Each participant’s data were linked to a computerized BCG reg-
istry at INRS which holds information on all 4.2 million BCG vacci-
nations performed in Quebec from 1956 to 1992 [19,20]. Using the
surname, given name, sex, date of birth, and father’s given name,
we proceeded to identify whether each participant had received
BCG and the age at vaccination. The registry was designed to store
information on vaccinees and has been verified as highly complete
and accurate; individuals not found in the registry were considered
unvaccinated [20]. Probabilistic data linkage was performed with
the fastLink package in R (R Foundation, Vienna, Austria) [26].
Manual verification of matches below a predefined threshold was
done to look for spelling and other data-entry errors. Ninety-five
percent of linkages were qualified as definite; the remainder was
considered as probable.

At the design stage, we aimed to recruit 900 cases and 2700
controls. This corresponded to 80% power (with alpha error = 0.05)
to detect a vaccine effectiveness of 20%. When this study was ini-
tiated in the spring of 2020, no SARS-CoV-2 vaccine was on the
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Potential

participants

[ [ I |

345 cases 1063 controls 1027 cases 1880 controls
from CHUS @ from CHUS @ from HMR ® from HMR ®
311 (90.1%) 1001 (94.2%) 721 (70.2%) 1585 (84.3%)
. ) . Excluded < Excluded ©: Excluded ¢ Excluded ©
Eligible subjects, after exclusions
) A) 25 (7.2%) A) 42 (4.0%) A) 260 (25.3%) A) 255 (13.6%)
n
: B) 9 (2.6%) B) 12 (1.1%) B) 42 (4.1%) B) 33 (1.8%)
C) 0(0.0%) ) 8 (0.8%) C) 4 (0.4%) C) 7 (0.4%)
Subjects who accepted to
participate, among eligibles 294 (94.5%) 885 (88.4%) 626 (86.8%) 1238 (78.1%)
n (%)

aCHUS: Centre hospitalier universitaire de Sherbrooke. ® HMR: Hépital Maisonneuve-Rosemont.
¢Reasons for exclusion: A) subject born outside of Quebec, B) unfit to consent, C) eligibility could not be confirmed

Fig. 1. Study sample profile.

horizon, and we believed that a vaccine effectiveness of at least
20% would be a useful contribution.

Data analyses were performed with R version 4.0.2 [27]. Uncon-
ditional logistic regression was used to assess associations
between BCG vaccination and SARS-CoV-2 infection. Apart from
the main analysis (vaccinated vs. unvaccinated), secondary analy-
ses further categorized vaccination according to the number of
doses received, and age at first vaccination. Analyses were per-
formed for all subjects, and then stratified into four age categories
to look for effect modification and potential waning of immunity.
Analyses were carried out for both sexes combined, then for males
and females separately. In multivariate models, adjustments were
made for age, sex, hospital, occupation (healthcare setting, essen-
tial worker or contact with public, and all others), urban vs. rural
residence, and material deprivation (in quintiles) as potential con-
founders. A sensitivity analysis excluded controls that had close
contact with a person infected with SARS-CoV-2 or had reported
an episode of anosmia or dysgeusia (strongly associated with
SARS-CoV-2). Another analysis examined whether BCG immunisa-
tion had an impact on the severity of COVID-19 as determined by
the need for hospital admission or mortality.

3. Results

The study sample profile is shown in Fig. 1. Exclusions for birth
outside Quebec and consent refusals were more common at HMR
compared to CHUS. At HMR, the proportion of exclusions for birth
outside Quebec was lower in controls than in cases, due to a more
stringent pre-selection based on patronyms amongst the former.
Participation rates were high, 95% and 88% among eligible cases
and controls at CHUS, and 86% and 78% at HMR, respectively.

We recruited 920 cases and 2123 controls. Out of 3043 partici-
pants, 1545 (51%) were considered to have been definitely vacci-
nated, 78 (3%) were probably vaccinated, while 1420 (47%) were
unvaccinated. Given the small number of participants with a prob-
able rather than definite match with the BCG registry, analyses did
not differ whether the former were excluded or not, and we will
present results based on definite and probable matches. Compared
with the registry data, self-reported BCG vaccination was consid-
ered unreliable as was self-report of a vaccine scar (data not
shown), many of which were presumably provoked by smallpox
vaccine rather than BCG, and these were not analysed further.

Table 1 displays sociodemographic characteristics of cases and
controls. Sex and years of birth were similar because of the fre-
quency matching process, although there was a slight imbalance
for birth year. Differences between hospitals reflected the 2:1
controls-to-cases ratio at HMR vs. 3:1 ratio at CHUS. Due to occu-
pational infections with SARS-CoV-2, healthcare workers were
overrepresented among cases.

Table 2 presents the comparison of cases and controls for BCG
status. There was no evidence of a protective effect of BCG against
COVID-19 when BCG was evaluated as a dichotomous variable, nor
when number of doses or age at first dose were examined. As it

Table 1
Sociodemographic characteristics of cases and controls.

Characteristics Cases (%) Controls (%)

n =920 n=2123

Sex

Male 354 (38.5) 821 (38.7)

Female 566 (61.5) 1302 (61.3)
Birth year

1956-1960 218 (23.7) 544 (25.6)

1961-1965 263 (28.6) 580 (27.3)

1966-1970 216 (23.5) 467 (22.0)

1971-1976 223 (24.2) 532 (25.1)
Hospital

HMR 626 (68.0) 1238 (58.3)

CHUS 294 (32.0) 885 (41.7)
Residence

Montreal/Laval 450 (48.9) 1053 (49.6)

Other urban areas 349 (37.9) 781 (36.8)

Rural areas 103 (11.2) 279 (13.1)

Missing 18 (2.0) 10 (0.5)
Material deprivation

Lowest 153 (16.6) 293 (18.7)

Low 161 (17.5) 388 (22.0)

Middle 171 (18.6) 444 (20.9)

High 205 (22.3) 466 (18.3)

Highest 158 (17.2) 396 (13.8)

Missing 72 (7.8) 136 (6.4)
Work

Healthcare settings 434 (47.2) 233 (11.0)

Essential/contact with public 143 (15.5) 422 (19.9)

All others 327 (35.5) 1465 (69.0)

Missing 16 (1.7) 3(0.1)

Abbreviations: CHUS: Centre hospitalier universitaire de Sherbrooke; HMR: Hopital
Maisonneuve-Rosemont
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was plausible that a protective effect existed only among the
younger participants, for whom the interval between BCG and
COVID-19 was shorter, Supplementary Table S1 presents the same
data after stratifying for year of birth. The lack of protection pro-
vided by BCG was uniform across all groups, including those born
in 1971-1976 (p-value for BCG-age interaction = 0.84). The propor-
tion of immunised individuals, both in cases and controls,
decreased from 69% among participants born in 1956-1960 to
34% for those born in 1971-1976. Among the latter birth cohort,
very few participants received more than one dose or were immu-
nised beyond an age of 1 year. Supplementary Table S2 presents
stratified analyses for female and male participants whereas Sup-
plementary Table S3 displays analyses stratified by hospital. Again,
no effect was seen in any of the strata (p-value for BCG-sex inter-
action = 0.35; for BCG-hospital interaction = 0.86). No changes
were seen either in a sensitivity analysis that excluded 106 con-
trols who had close contact with a person infected with SARS-
CoV-2 or reported an episode of anosmia or dysgeusia (data not
shown).

Table 3 displays the frequency of hospital admission, and
Table 4 shows the case-fatality ratio according to BCG status. For
the latter, the small number of deaths precluded full adjustment
for confounders. As COVID-19 mortality is strongly related to
age, and the vaccinated were older than the unvaccinated (mean
55.7 vs. 52.9 years), we present age- and sex-adjusted odds ratios.
There was no evidence that BCG conferred any protection against
more severe forms of COVID-19.

Vaccine 39 (2021) 7300-7307
4. Discussion

This large case-control study showed that BCG vaccination in
infancy or childhood does not provide long-term protection against
COVID-19 or lessen illness severity. When it was designed in May
2020, experts predicted that developing a specific vaccine would
require at least 12-18 months. The availability less than a year
later of several marketed vaccines with efficacy ranging between
70% and 95% [28-30] was beyond the most optimistic expectations
of a North American expert panel [31]. Access to COVID-19 vacci-
nes remains uneven across and within countries and identifying
all potential prevention tools and measures remains valuable.

In that context, there has been much interest in the hypothesis
that BCG might confer some protection against COVID-19, due to
its non-specific effect on innate immunity. More than twenty eco-
logical studies were deposited as preprints on MedRxiv or pub-
lished after peer review with most claiming that countries using
BCG in infancy or childhood experienced a lower incidence of
COVID-19 or a lower mortality [13-17]. Ecological studies are use-
ful for the generation and preliminary testing of hypotheses. With
the power of the internet and publicly available data, they can now
be carried out in a matter of days. However, nothing comes easily
in science, and ecological studies are plagued with multiple defi-
ciencies. In this case, a major flaw is that access to a diagnosis of
laboratory-confirmed SARS-CoV-2 infection is limited in low- and
middle-income countries that still use BCG. Neither do ecological
studies allow for adjustment for potential confounders, which are

Table 2
BCG status and COVID-19, descriptive statistics and logistic regression.
Cases (%) Controls (%) Crude Adjusted
n =920 n=2123 odds ratio odds ratio
(95% CI) (95% CI) *
BCG received
Never 424 (46.1) 996 (46.9) 1.00 1.00
Ever 496 (53.9) 1127 (53.1) 1.03 (0.89-1.21) 1.01 (0.84-1.21)
Number of BCG doses
0 424 (46.1) 996 (46.9) 1.00 1.00
1 382 (41.5) 892 (42.0) 1.01 (0.85-1.19) 0.97 (0.80-1.18)
>2 114 (12.4) 235 (11.1) 1.14 (0.88-1.46) 1.17 (0.86-1.57)
Age at first BCG, years
Unvaccinated 424 (46.1) 996 (46.9) 1.00 1.00
0-1 340 (37.0) 726 (34.2) 1.10 (0.93-1.31) 1.04 (0.85-1.27)
2-9 119 (12.9) 313 (14.7) 0.89 (0.70-1.13) 0.95 (0.71-1.27)
>10 37 (4.0) 88 (4.1) 0.99 (0.65-1.46) 0.80 (0.48-1.29)

Abbreviations: BCG: Bacillus Calmette-Guérin; Cl: confidence interval; COVID-19: coronavirus disease 2019.
2 Adjusted for sex, age, recruitment hospital, material deprivation, occupation (healthcare worker vs other), and residence area (rural vs urban).

Table 3
BCG status and hospitalization among cases of COVID-19.

Hospitalized cases/Total cases (%)

Crude odds ratio Adjusted odds ratio

n=77/920 (95% CI) (95% CI) *

BCG received

Never 31/424 (7.3) 1.00 1.00

Ever 46/496 (9.3) 1.30 (0.81-2.10) 1.04 (0.57-1.90)
Number of BCG doses

0 31/424 (7.3) 1.00 1.00

1 35/382 (9.2) 1.28 (0.77-2.13) 1.04 (0.55-1.95)

>2 11/114 (9.5) 1.35(0.63-2.71) 1.05 (0.42-2.45)
Age at BCG, years

Unvaccinated 31/424 (7.3) 1.00 1.00

0-1 29/340 (8.5) 1.18 (0.69-2.01) 1.14 (0.60-2.16)

2-9 12/119 (10.1) 1.42 (0.68-2.80) 0.83 (0.32-2.01)

>10 5/37 (13.5) 1.98 (0.64-5.06) 0.83 (0.12-3.36)

Abbreviations: BCG: Bacillus Calmette-Guérin; ClI: confidence interval; COVID-19: coronavirus disease 2019.
2 Adjusted for sex, age, recruitment hospital, material deprivation quintile, occupation (healthcare worker vs other), residence area (rural vs urban).
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Table 4
BCG status and mortality among cases of COVID-19.

Vaccine 39 (2021) 7300-7307

Deaths/Total cases (%)

Crude odds ratio

Adjusted odds ratio

n=18/920 (95% CI) (95% CI) *

BCG received

Never 71424 (1.7) 1.00 1.00

Ever 11/496 (2.2) 1.35 (0.53-3.70) 0.87 (0.33-2.44)
Number of BCG doses

0 71424 (1.7) 1.00 1.00

1 9/382 (2.4) 1.44 (0.53-4.06) 1.03 (0.37-3.01)

>2 2/114 (1.8) 1.06 (0.16-4.47) 0.49 (0.07-2.17)
Age at BCG, years

Unvaccinated 71424 (1.7) 1.00 1.00

0-1 4/340 (1.2) 0.71 (0.18-2.37) 0.56 (0.14-1.94)

2-9 5/119 (4.2) 2.61 (0.76-8.34) 1.20 (0.33-3.98)

>10 2/37 (5.4) 3.40 (0.49-14.73) 1.46 (0.20-6.74)

Abbreviations: BCG: Bacillus Calmette-Guérin; CI: confidence interval; COVID-19: coronavirus disease 2019.

¢ Adjusted for sex and age.

many here (age, socioeconomic status, ethnicity, etc.). Further, they
are subject to the ecological fallacy, which consists in falsely inter-
preting at the individual level results observed at the group or
country level.

For BCG in infancy or childhood to protect against COVID-19 in
adulthood, two postulates must be met. First, trained immunity
triggered by BCG should provide at least a short-term protection
against SARS-CoV-2 infection, as it does for several other viruses
[3]. We could not address this question in the current study, as
BCG was infrequently used in Quebec after 1976. Ongoing random-
ized trials, mostly in healthcare workers and the elderly, will eval-
uate putative short-term protection. Second, this trained immunity
should persist for a very long period. For how many years does the
BCG-induced trained immunity last, providing a protection against
respiratory pathogens? A case in point is its effect against the
pathogen for which BCG was originally developed, Mycobacterium
tuberculosis. Long-assumed to be reflective of cell-mediated adap-
tive immunity, recent work suggests that some of the BCG-
induced protection is derived from innate trained immunity [32].
The protection against tuberculosis persists for at least 15 years
and possibly up to 40 years [1,33]. BCG also provides very long-
term protection against leprosy [2]. While most studies in Africa
have supported BCG-induced non-specific protection against respi-
ratory pathogens during the first two years of life [34], evidence for
long-term beneficial effects is sparse. An ecological study in Spain,
wherein Basque Country (using BCG) was compared to other
regions (not using BCG), suggested a lower frequency of hospital-
izations for respiratory infections at least until an age of 14 years
in Basque Country-but the design made it impossible to take con-
founding factors into account [10]. In a case-control study of adults
in Kenya, having a BCG scar was associated with a lower risk of
pneumonia, more strongly so in males than in females [11].

Recent studies on COVID-19 and BCG have investigated this
question using various methods. In Israel, there was no difference
in COVID-19 incidence between the 1979-1981 (assumed to be all
vaccinated) and the 1983-1985 (assumed to be all non-vaccinated)
birth cohorts [35]. However, this rather crude ecological design
implied misclassification of exposure in both cohorts (immigrants),
some of which was non-random (the Hasidim were less likely to be
vaccinated with BCG and, at the time, at a high risk of COVID-19).
Of higher methodological quality was another ecological study that
used data from a ‘natural experiment’ in Sweden, where a change
in policy in April 1975 led to the abrupt discontinuation of BCG for
neonates, such that coverage was 92% before that date and 2%
thereafter. In a regression discontinuity analysis that compared
cohorts born before or after this pivotal date, the incidence of
COVID-19 was identical in both groups, suggesting the absence
of a long-term protection [36]. Among healthcare workers in Cali-
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fornia, self-reported history of BCG vaccination was associated
with a 24% lower odds of SARS-CoV-2 seropositivity after adjust-
ment for age and sex, but not ethnicity [37]. In Italy, BCG was
not associated with lower severity of COVID-19 after adjustment
for confounders; however, only 63/2548 participants had received
the vaccine [38].

Our study, the first that was specifically designed to address
this issue with individual-level data, demonstrates the absence of
effectiveness of BCG against COVID-19 on the very long term
(40 years or more). We could not document a protective effect nei-
ther in all participants, nor in pre-determined subgroups based on
age or sex. Neither could we demonstrate that BCG reduces the
severity of COVID-19.

Some methodological considerations deserve attention. The
test-negative design (TND) has been extensively used for assessing
the effectiveness of vaccines [39], including inactivated influenza
[40] and COVID-19 vaccines [41-48]. In TND studies, clinical spec-
imens from oral or nasopharyngeal swabs (NPS) are tested by mul-
tiplex NAAT and/or cultures and results classified into 3 categories:
(i) positive for the virus targeted by the vaccine, (ii) negative for
this virus but positive for another or other viruses, and (iii) nega-
tive for all viruses tested. A basic assumption of the TND is that
the risk of disease caused by viruses not targeted by the vaccine
under investigation is not modified by the vaccination status. This
is usually the case for protection resulting from the adaptive
immunity when cross-reactivity between different viral species is
minimal. When the protection generated by a vaccine results from
the activation of unspecific innate immune mechanisms (trained
immunity) as it may be the case for BCG against COVID-19, the
above-mentioned condition is not met as the protection may
extend in a quite uniform way against all respiratory viruses. As
a consequence, the proportion of cases caused by the pathogen
under investigation among all tests or tests positive for any patho-
gen in the TND will be similar among vaccinated and unvaccinated
individuals, and any effect of the vaccine will be missed. Con-
versely, the classic case-control design using diseases targeted by
the vaccine as cases and healthy controls is appropriate for testing
the hypothesis of a protection generated by unspecific innate
mechanisms.

Recruitment of a suitable control group requires great care, and
this requirement was complexified by the pandemic context. Since
cases were identified through hospital microbiology laboratories,
controls were selected from the same source. Given the lockdown,
it was necessary to ensure that selected controls were not much
sicker than the general population, which led us to make some
exclusions (persons hospitalized, with an emergency room visit,
with infections highly related to hospitalizations, or who were
likely immunosuppressed). The decision to exclude potential con-



J. Pépin, Annie-Claude Labbé, A. Carignan et al.

trols who had a negative or indeterminate SARS-CoV-2 NAAT was
due to a concern about false-negative results. Indeed, during the
study period, SARS-CoV-2 testing in the general population was
indicated only for symptomatic individuals or contacts of infected
persons. The overall sensitivity of SARS-CoV-2 NAATs from a
nasopharyngeal aspirate, NPS, or throat swab, compared to other
clinical tools such as radiology and serology, was initially esti-
mated at 73% (95% Cl: 0.68-0.78) [49]. This clinical sensitivity is
influenced by the anatomical site swabbed, the sampling tech-
nique, the types of swab and transport media, the analytical sensi-
tivity [50] of the available assay and the protocol used in the
laboratory (e.g., with or without chemical extraction, pooling of
samples) and timing after symptom onset or contact with a
COVID-19 case. The negative predictive value of a single NPS NAAT
in symptomatic patients was estimated at 0.80 [51]. Consequently,
participants with a negative or indeterminate NAAT result were
excluded from potential controls to prevent misclassification of
disease status. There is a legitimate concern that this may have
introduced selection bias.

We attempted to assess the extent of selection bias that could
have resulted from these exclusions. In an analysis of the associa-
tion between occupational status and SARS-CoV-2 infection,
healthcare workers were 8.4 times more likely than other partici-
pants to have had a positive SARS-CoV-2 NAAT result (Table S4).
This is congruent with the relative risk estimated in the Quebec
population during the first COVID-19 wave (RR = 9) in the province
of Quebec [52], during which the vast majority of cases and con-
trols were recruited into our study. Although it is not possible to
entirely rule out selection bias, this argues toward the lack of a
sizeable bias due to the selection of the control group.

A study limitation is that, given time and budgetary constraints,
we elected not to collect data on chronic co-morbidities. We
believed that chronic diseases were very unlikely to be con-
founders, given that this would require them to be associated with
exposure to BCG several decades earlier. Halfway into the study,
we had to reduce the controls-to-cases ratio to 2:1 for the HMR site
for practical reasons. Fortunately, the association between BCG
exposure and SARS-CoV-2 did not differ by recruitment site. The
higher refusal rate at HMR compared to CHUS might reflect a
large-city effect where people are more suspicious of phone calls
from unknown persons.

Another limitation of the study is that there was substantial
evolution of BCG strains, propagated in culture media in several
laboratories between 1921 and 1961, when laboratories started
using —80 °C freezers to store seed lots and standardize their prod-
ucts. For some parameters reflecting trained innate immunity,
variations between BCG strains have been documented [53,54].
The original Montréal (or Frappier) strain, obtained from Institut
Pasteur in 1933, was lost in 1957 when it was replaced with strain
568-571, also from Paris, which was subsequently used for almost
all of our participants [25,54].

Further studies could examine whether administering BCG a
few weeks prior to a SARS-CoV-2 vaccine enhances immune
response, as it does with other vaccines, including those against
the 2009 HIN1 pandemic influenza [55]. We could not address
whether BCG provides short-term protection against SARS-CoV-2
and this remains a relevant question, especially for low-income
countries. In the meantime, there is unfortunately no evidence that
BCG can play a role in the global fight against COVID-19.
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